Regulation of adenylyl cyclase type VI activity during desensitization of the A2a adenosine receptor-mediated cyclic AMP response: role for protein phosphatase 2A.
We reported earlier that inhibition of adenylyl cyclase activity is a mechanism involved in desensitization of the A2a adenosine receptor-mediated cAMP response (A2a desensitization) in rat pheochromocytoma PC-12 cells. Here, we investigated the molecular mechanism that modulates adenylyl cyclase activity during A2a desensitization. Reversible inhibition of forskolin-evoked adenylyl cyclase activity in desensitized cells occurred after incubation with an A2a-selective adenosine agonist (CGS21680). However, when okadaic acid (a relatively protein phosphatase 2A-specific phosphatase inhibitor) was added after agonist removal, adenylyl cyclase activity did not recover. Okadaic acid caused significant dose-dependent inhibition of adenylyl cyclase activity in intact PC-12 cells. Prolonged exposure of okadaic acid-treated PC-12 cells to adenosine agonists did not evoke further inhibition, suggesting that the inhibition of adenylyl cyclase activity during A2a desensitization may operate through a pathway that overlaps with the increased phosphorylation caused by okadaic acid. Inclusion of calcium in the adenylyl cyclase assay significantly inhibited cyclase activity. indicating that PC-12 cells contain Ca(2+)-inhibitable type VI adenylyl cyclase (AC6). This was confirmed by polymerase chain reaction-based detection of AC6 cDNA. Furthermore, incubation of PC-12 cell membrane fractions with purified protein phosphatase 2A or coexpression of protein phosphatase 2A with AC6 in COS-1 cells significantly increased AC6 activity. To reduce the possible influence of Gs alpha protein, we substituted guanosine-5'-O-(2-thio)diphosphate and MnCl2 for GTP and MgCl2, respectively, in some cyclase assays and found that the suppression of AC6 during A2a desensitization and okadaic acid treatment remained largely unchanged. Taken together, these data suggest that phosphorylation of AC6 might account for the inhibition of adenylyl cyclase activity during A2a desensitization in PC-12 cells.